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It  has  been  established  that  a  variety  of  foreign proteins  may  pass  the 
glomerular filter and appear in the cells lining the proximal convoluted renal 
tubules (1). Dock (2), Gilson (3), and Sellers et al. (4), have presented evidence 
which indicates that the native plasma protein of the rabbit and the rat may 
also  undergo  glomerular  filtration and  tubular  reabsorption  as  part  of  the 
normal,  day to  day,  physiological activity of these  animals.  Recent studies 
performed in  this  laboratory indicate  that  the  proximal  convoluted  tubule 
cells of the rat reabsorb approximately S mg. of plasma protein per hour from 
the glomerular filtrate  (5).  Oliver and  his coworkers (6)  have described the 
fate of the reabsorbed protein and it is clear from their studies that this mate- 
rial is at least partially catabolized by proteolytic enzymes apparently derived 
from the mitochondria. 
If  the  renal  tubules  reabsorb  protein from  the  glomerular filtrate  to  the 
extent of 5 mg. per hour, and if this material is degraded to amino acids and 
polypeptides, one might expect to find differences in the amino acid and poly- 
peptide content of the renal arterial and venous blood. This report deals with 
the amino acid and polypeptide nitrogen content in the renal artery and vein, 
and in the inferior vena cava of the rabbit? 
Material and Experimental Procedure 
Six New Ze~|and white rabbits, weighing from 3 to 4 kg. were used. Each animal was 
anesthetized with sodium pentobarbital, 30 mg./kg,  body weight. Laparotomy was per- 
formed and  the left renal vein exposed without handling this structure or the  adjacent 
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i  The free  alpha amino nitrogen is contributed by the free  amino acids in plasma.  The 
total  (after  acid hydrolysis)  minus the free  alpha amino nitrogen equals alpha amino nitro- 
gen in conjugated form in protein free  filtrates  of plasma, and will  be referred  to as poly- 
peptide nitrogen. 
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kidney. Immediately thereafter 10 ml. of blood was withdrawn from the renal vein into a 
heparinized syringe, through a  20 gauge needle with the point directed toward the kidney. 
Blood was withdrawn from the renal vein over a  period of 90 seconds. Immediately there- 
after,  blood was obtained from the abdominal aorta, and from the inferior vena cava just 
above the junction of the iliac veins. The last two blood samples were obtained over a period 
of approximately 30 seconds. 
Methods 
Plasma proteins were precipitated by the addition of 3.0 ml.  of plasma to  12.0 ml.  of 
distilled water and 15.0 ml, of a  freshly prepared mixture consisting of 8 parts of ~2  ~  sul- 
furic acid and 1 part of 10 per cent sodium tungstate. Approximately 25 ml. of filtrate was 
recovered after deproteinization. 
Free alpha amino nitrogen was determined in each of two 5 ml. aliquots of the protein- 
free filtrate by use of the nlnhydrin method (7, 8). 
Acid hydrolysis was performed for the determination of total alpha amino nitrogen in 
each of two 5  mi. aliquots of the protein-free filtrate (9,  10).  2.5 ml. of 12 N hydrochloric 
acid was added to this filtrate in a  test tube. The tube was tightly sealed with a  screw cap 
and placed in an autoclave for 4  hours at  a  temperature of  1200C.  The  hydrolysate was 
then taken to dryness in vacuo, at a  bath temperature of 70°C.  10 mi. of distiUed water was 
added to the distillate and the evaporation was repeated. The hydrolysate was then made 
to volume and the alpha amino nitrogen of this sample determined by the ninlaydrin method. 
The difference between the total and the free alpha amino nitrogen wUl be referred to as 
the polypeptide nitrogen. 
Determination  of Experimental  Error 
In order to estimate the precision of the average of duplicate determinations, 30 plasma 
samples from both rabbits and dogs were run in duplicate. If the first and second determina- 
tions are designated xi and Yl, respectively, (i =  1 --* 30), then the sum of squares is 
z 
ss  =  x,  2  y'  2 
The 30 pairs of determinations provide 30 degrees of freedom, so that the variance is a 2 = 
~o  ~(xl --  yl) z. The standard error of the mean of the two determinations (duplicates) is 
therefore 
"--2--  =  120 
The 30 test plasma samples, having  values over the approximate range encountered in 
the experimental studies, were run for both free and total alpha amino nitrogen. These data 
provided  crx¢ +  y¢ _-  0.059 for free and  crxi~  y.. ¢ =  0.099 for total alpha amino  nitrogen. 
/ 
2 
These values represent 1.92  per cent and 2.86 per cent, respectively, of the  corresponding 
me,931$. 
From these values it is found that the 98 per cent confidence limits for  the free alpha 
amino acid nitrogen are 4-5.3 per cent and for the total -4-7.9 per cent.  Thus, if the average 
of two (duplicate) determinations of free alpha amino nitrogen is found to be, for example, 
4.00,  then it can be stated that the true value has only a  1 per cent risk of being less than 
4.00  --  (0.053  X  4.00)  ==  3.79 and only a  1 per cent risk of being greater than 4.00  + 
(0.053  X  4.00)  =  4.21 : there is a 98 per cent confidence risk that the true value lies between ELIASCH,  SELLERS,  ROSENFELD~ AND  MARMORSTON  131 
3.79  and 4.21. Similarly,  if the average of two (duplicate) determinations of total  alpha 
amino nitrogen was found to be 4.5,  the odds are only one in a hundred that the true value 
is  less  than 4.16 and one in  a hundred that it  is  greater  than 4.84:  the 98 per cent confidence 
limits  are  4.16 and 4.84  for the observed value of  4.5. 
RESULTS 
In Tables I  and II are listed results from experiments on six normal rabbits. 
The contents of free alpha amino nitrogen in the renal vein, the inferior vena 
cava, and the abdominal aorta are shown. The alpha amino nitrogen content 
iof renal venous blood is significantly higher than that of arterial blood (mean 
TABLE  I 
The Plasma Concentration  of Free and  Total Alpha Amino Nitrogen and the Polypeptide 
Nitrogen in Mg.  per Cent in the Renal  Vein  (RIO, the Inferior 
Vena Cava  (IVC),  and the Abdominal Aorta (Art) 
Blood samples were obtained from six rabbits. 
Rabbit No. 
Mean. 
Free amino nitrogen 
RV 
mg. 
p~cent 
7.71 
6.91 
8.02 
7.61 
6.15 
7.75 
7.36 
IVC 
mg. 
per cent 
6.99 
7.13 
6.32 
6.38 
5.54 
6.97 
6.56 
Total amino  nitrogen 
Art  RV 
mg.  mg. 
per cent  per cent 
7.26  8.75 
6.60  7.79 
7.52  9.53 
6.81  8.62 
5.71  7.89 
7.24  8.74 
6.86  8.55 
IVC  Art 
mg.  mg. 
per cent  per cent 
i 
7.59  7.46 
7.65  6.54 
7.001  7.7o 
7.01  7.09 
6.65  6.05 
7.43  7.40 
1 
7.22 i  7.04 
Polypepfide  nitrogen 
RV  IVC 
mg.  mg. 
per cent  per cenJ 
1.04  0.60 
0.88  0.52 
1.51  0.68 
1.01  0.63 
1,74  1.11 
0.99  0.50 
1.19  0.67 
Art 
~g. 
per cent 
0.20 
0.00 
0.18 
0.28 
0.34 
0.16 
0.19 
difference, 0.50 mg. per cent). The renal venous content of free alpha amino 
nitrogen was also greater than that of the inferior vena cava (mean difference, 
0.80 rag. per cent) (Table II). 
Table I  shows the total alpha amino nitrogen (after hydrolysis) in the renal 
vein, the inferior vena cava and the abdominal aorta. It is seen that the renal 
vein contained significantly higher amounts of total alpha amino nitrogen than 
both the inferior vena cava and the aorta (mean difference, 1.33 and 1.51 mg. 
per cent, respectively). There was no significant difference between contents 
in the inferior vena cava and the aorta (Table II). 
Table I  finally shows the amount of polypeptide nitrogen, computed in each 
instance from the difference between total and free alpha amino nitrogen. The 
amount of polypeptide nitrogen was always highest in the renal venous blood. 
It is noted that the arterial polypeptide concentrations are invariably low. The 
mean difference between the renal venous and the arterial content was  1.00 
rag. per cent; and between the renal venous and the inferior vena cava content, 132  PROTEIN  METABOLISM  IN KIDNEY 
0.52 mg. per cent. The inferior vena cava also contained significantly  more 
polypeptide nitrogen than  the  aorta  (mean  difference,  0.48 rag.  per  cent) 
(Table II). 
TABLE II 
Differences  between Plasma Concentration of Free and  Total  Alpha Amino Acid Nitrogen  and 
Polypeptide  Nitrogen  in Mg.  per  Cent  between the Renal  Vdn  (RV),  the Inf~ior  Vena 
Ca~a (IVC), and the Abdominal Aorta (Art) Respectively 
Original values are listed in Table I. 
Rabbit No. 
Free amino acid nitrogen 
Difference, rag. per cenl 
RV-IVC 
+0.72 
--0.22 
+1.70 
+I .23 
+0.61 
+0.78 
+0.80 
0.64 
0.26 
3.08 
0.05-0.01 
Total amino acid nitrogen  Polypeptide nitrogen 
RV-Art  IVC-Art 
1  +0.045 --0.27 
2  +0.31  +0.53 
3  +0.50  --1.20 
4  +0.8O  --0.43 
5  +0.44  -0.17 
6  +0.51  --0.27 
Mean ....  +0.50  -0.30 
~.D .......  0.16  0.31 
~.E  ....  0.065  0.125 
I.  7.69  2.40 
P.  <0.001  >0.05 
Difference, rag. per ce~ 
RV-Art  W&Art  RV-IVC 
+1.29  +0.13  +1.16 
+1.25  +1.11  +0.14 
+1.83  --0.70  +2.53 
+1.53  --0.08  +1.61 
+1.84  +0.60  +1.24 
+1.34  +0.03  +1.31 
+1.51  !+0.18  +1.33 
0.27  0.43  0.77 
0.II  0.18  0.31 
13.7  1.00]  4.26 
<0.001 >0.05]0.01-0.001 
Difference, rag. per cenl 
RV.Art  IVC-Art RV-IVC 
+0.84  +0.40  +0.44 
+0.88  +0.52  +0.36 
+1.33  +0.50  +0.83 
+0.73  +0.35  +0.38 
+1.40  +0.77  +0.63 
+0.83  +0.34  +0.49 
+1.00  +0.48  +0.52 
0.29  0.16  0.18 
0.12  0.07  0.07 
8.33  6.86  7.43 
<0.001  0.001  <0.001 
TABLE III 
Hematoorlt  Values  in per Cent/tom tke Renal Vein (RV), the Inferior  Vena Cava (IVC), and 
tl~ Abdominal Aorta (Art) in Three Rabbits 
Rabbit Nos.  RV  IVC 
1  42.6  42.4 
2  39.1  39.1 
3  39.7  40.2 
Art 
42.5 
38.9 
39.9 
Hematocrit values were determined on heparinized  blood samples from the 
renal vein, inferior vena cava, and abdominal aorta in each of three animals; 
the results are given in Table III. There is no significant difference between 
any of the samples in a given animal. 
DISCUSSION 
Alpha amino nitrogen in plasma is determined after deproteinization with 
tungstic acid. The plasma content of total, minus free alpha amino nitrogen is 
the amount of alpha amino nitrogen released by acid hydrolysis.  This difference ELIASCH, SELLERS, ROSENI~ELD~ AND MARMORSTON  133 
is taken to be the polypeptide nitrogen.  Christensen and his coworkers (11) 
maintain  that  plasma  samples  may  be  incompletely  deproteinized  by  the 
tungstic acid method, and they therefore separate any remaining  protein by 
dialysis. While it is true that protein will be removed by this procedure, it is 
not unlikely that dialysis will also separate higher polypeptides. It should be 
mentioned,  that if small  quantities of protein do remain in the filtrates, the 
values for free alpha amino nitrogen would not be affected. Total alpha amino 
nitrogen  and  polypeptide nitrogen  values will  be in  error.  Since  this  error 
would apply to both arterial and venous samples,  it will tend to be minimal 
when arteriovenous differences are considered. 
An increase  in the quantity of amino acids and polypeptides found in renal 
vein blood over that found in renal arterial blood must mean that these sub- 
stances are added to the blood stream during its passage through the kidney. 
This could occur if it were possible for the kidney to produce amino acids and 
polypeptides from simpler  precursors,  and  one could postulate a  number of 
such hypothetical reactions. So far as the authors know, however, there is no 
evidence to support such a view. The increased amino acids and polypeptides 
in renal vein blood could also occur if larger  peptide and protein molecules 
were undergoing breakdown in the kidney with the formation of simpler pep- 
tides, and amino acids. Thus, the kidney could be catabolizing either its own 
structural  protein,  or the plasma  protein  that  enters  the ceils  of the  renal 
tubules from the glomerular filtrate. The data are entirely consistent with the 
hypothesis that plasma proteins normally pass the glomerular filter and are 
reabsorbed and  catabolized by celis  forming  the proximal  convoluted renal 
tubule. The findings  also support the contention of Oliver and his coworkers 
(6) that there is a metabolic component in what appeared to be a purely ab- 
sorptive phase of proteinuria. It is entirely possible, however, that the metab- 
olism of cellular  proteins of the kidney itself makes some contribution to the 
amino acid and peptide content of renal vein blood. 
The renal arterio-venous amino acid and polypeptide differences tabulated in 
Table II, though highly significant  statistically, are small  in magnitude. The 
extent of the differences  is magnified,  however, when one considers the large 
volume of renal plasma flow. 
The conversion factor for calculating the protein equivalent of alpha amino 
nitrogen is not known with certainty, but may be approximately 9. If the in- 
creased renal vein polypeptides and amino acids result from the breakdown of 
protein in the kidney, it is possible to calculate the approximate quantity of 
protein catabolized. Thus, the total renal arteriovenous alpha amino nitrogen 
difference  is 1.51 rag. per cent, and this is equivalent to a protein content of 
13.6 rag. per cent. Therefore, amino acids and polypeptides equivalent to the 
catabolism of 13.6 rag. of protein are present in every 100 ml. of renal plasma 
flow. Regardless of the precise source of the increased amino acids and poly- 134  PROTEIN  METABOLISM  IN KIDNEY 
peptides found in renal vein blood,  if these  substances result from protein 
breakdown in the kidney, this organ may be  an important site  of protein 
catabolism in the body, and may, as a  consequence, play a  significant role in 
regulating the metabolism of the plasma proteins. 
SUMMARY 
The  concentrations  of  amino  acid  and  polypeptide  nitrogen  in  plasma 
samples from the aorta, renal vein, and inferior vena cava of the rabbit have 
been  determined. It  was  demonstrated that  there were significantly higher 
concentrations of amino acids and polypeptides in the renal vein than in either 
aorta or inferior vena cava. The possible implications of these findings in rela- 
tion to the role of the kidney in protein metabolism has been discussed. 
We are grateful to Professor  Frederick J. Moore, Department of Experimental Medicine, 
for performing  the statistical calculations. 
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